Abstract The objective of this study was to compare the effects of natural clinoptilolite and modified clinoptilolite on growth performance and antioxidant capacity in broiler chicks. Two hundred forty 1-day-old commercial Arbor Acres broilers were randomly distributed into three treatments, each of which had eight replicates. Each replicate contains 10 chicks. Control (CON) group fed with the basal diets, natural clinoptilolite (NCLI) group fed basal diets with 2 % natural clinoptilolite, and modified clinoptilolite (MCLI) group fed basal diets with 2 % modified clinoptilolite for 42 days. The results showed that the 2 % supplementation of natural clinoptilolite and modified clinoptilolite had no adverse effect on growth performance of broilers at 42 days of age. Relative weights of organs were not influenced by dietary treatments at 21 and 42 days. The activity of total nitric oxide synthase was significantly (P <0.05) decreased in MCLI group than CON group at 21 days of age. At 21 and 42 days, the activities of glutathione peroxidase, catalase, total superoxide dismutase, total antioxidant capacity (T-AOC) were significantly (P <0.05) increased in NCLI and MCLI groups than the CON group while there was no difference in T-AOC between CON and NCLI groups. The malondialdehyde content was significantly (P <0.05) decreased in NCLI and MCLI groups than the CON group. It was concluded that the addition of 2 % natural clinoptilolite and modified clinoptilolite to diet can improve antioxidant capacity in broilers, although their effects on growth performance was negligible.
Introduction
The current intensive poultry production system has significantly increased the meat quantity, but there are lot of stress factors that impairing both growth performance and health status of broilers. Redox homeostasis is a usual denominator of the responses to these stresses which is maintained by the balance between the production of reactive oxygen species (ROS), reactive nitrogen species, and antioxidant defense system. Oxidative stress results when production of ROS exceeds the capacity of antioxidant defense system to remove these toxic molecules [1] . Broilers are easily to get oxidative stress, and such situation can be increased under certain environmental, physiological, or dietary conditions. Specific feeding strategies have significant influence on oxidative metabolism in broilers. In chickens, supplementation of certain feed additives is significant to keep the balance between antioxidants and oxidative stress. Feed additives have direct influence on the productive and reproductive performances of animals [2] .
In the last few decades, natural zeolite, used as a feed additive into the diets of animals, has been applied with enormous success in animal breeding for many purposes. Zeolites are tectosilicates with three dimensional aluminosilicates structure that contain water molecules, alkaline, and alkali earth metals in the structural framework [3] . Currently, there are at least 50 different types of known zeolites. Clinoptilolite is the best type which is suitable for the large numbers of applications. Natural clinoptilolite contains most of the major and trace minerals which are essential for the growth for chickens, livestock, and aquatic animals. These minerals are in an ionic state and can be used in animal diets for improving health conditions for animals [4] . Clinoptilolite appears to be stable in gastrointestinal tract of animals [5] , and as unique selective adsorbers, they can adsorb heavy metals, toxins, and free radicals in the body and excretes them from animal bodies [6] [7] [8] [4, 6, 9] . Besides these characteristics, clinoptilolites have also shown anti-cancerous and antioxidative effects [10] [11] [12] . Natural clinoptilolites have positive influence on the immunity and the inflammatory processes by diminishing the synthesis of nitric oxide and superoxide anions [12] . They enhance the immune activity in animals [13, 14] .
Zeolites possess net negative structural charge as a result of isomorphic substitution of cations in crystal lattice; this negative charge leads to the favorable ion exchange selectivity for certain cations of zeolites. However, the negative charge also leads zeolites to have little or no approximation for anions [15] . Recent studies have shown that zeolites modified with some surfactants or other cationic sorbents have an approximation affinity for heavy metal anions. These surfactantmodified zeolites are effective sorbents for many types of contaminants [16, 17] .
Few existing studies concerning the effects of natural zeolite on performance of the production, total flora, Salmonella, and blood biochemical parameters of broilers [18] [19] [20] , but limited data have been published on the supplementation of modified zeolites, especially clinoptilolite modified by formic acid on the oxidant/antioxidant status in healthy broiler chickens. Lots of dietary adjustments and management schemes have been attempted to promote growth performance, antioxidant status, and immunity of broiler. The objectives of this present study were to determine the effects of clinoptilolite and modified clinoptilolite on growth performance, antioxidant status, and immunity in broiler chicks, thus supporting scientific basis for the use of clinoptilolite in the area of animal raising and production.
Materials and Methods

Bird Treatment and Diets
A total of two hundred forty 1-day-old commercial Arbor Acres broilers were obtained from a local commercial hatchery (Hewei, Anhui, China) and randomly allocated into three experimental groups consisting of eight replicates. Each replicate contained ten birds with similar average body weights (BW). Chickens were fed with corn-soybean basal diets. Birds, in control group, were fed with basal diet or the basal diet with 2 % natural clinoptilolite (NCLI) group or the basal diet with 2 % modified clinoptilolite (MCLI) group for 42 days. The diets were formulated based on the NRC (1994) to meet the nutrient requirements of broilers. The birds were fed with a starter diet until 21 days of age followed by a grower diet from 22 to 42 days ( Table 1 ). All birds were placed in wire cages in a three-level battery and housed in an environmentally controlled room maintained at 34 to 36°C during 1 to 14 days of age and gradually decreased to 26°C, after which, it was held at room temperature and kept unchanging at the end of the experiment. The light regimen was a 12 h light-dark cycle (0600 to 1800 h light). Birds were allowed to consume feed and water ad libitum. Fresh diets were prepared once a week and were stored in sealed bags at 4°C.
The clinoptilolite used in the experiment was provided by Nanjing Institute of Geology and Mineral Resources (Nanjing, China). All experimental protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the Nanjing Agricultural University (Nanjing, People's Republic of China).
Preparation of Clinoptilolite Modified by Formic Acid
The clinoptilolite sample used in this study was collected from the Center of China Geological Survey (Nanjing, People's Republic of China). The NCLI grain size ranged from 0.15 to 0.2 mm. The MCLI was prepared by using the ion exchange method. Clinoptilolite was first calcined at 500°C for 4 h in a muffle oven. After cooling down, clinoptilolite was added into a formic acid solution of 3 mol/L. The mixture was blended at 80°C at pH 4.0 and 151 rpm/min within a constant temperature oscillated instrument for 4 h. The lower sediments were repeatedly washed by deionized water until the pH of the washed solution is 7. Finally, the washed materials were collected and dried at around 105°C for 2 h in an air oven, and then ground through a 100-mesh sieve. The clinoptilolite used in the experiment was provided by Nanjing Institute of Geology and Mineral Resources (Nanjing, P. R. China) and was sieved through a 100-mesh sieve. The content of clinoptilolite used in the experiment including 2 % clinoptilolite, 8 % mordenite, 5 % montmorillonite, and 2 % SiO 2. The textural properties of clinoptilolite are listed in Table 2 .
Sample Collection and Procedures
The growth performance of broilers was evaluated by calculation of the average feed intake, average body weight gain, and feed conversion ratio. The individual body weights of broilers were recorded at the beginning of the trial on 21 and 42 days. The feed intake was calculated on a per pen basis on 21 and 42 days of the experiment. The feed conversion ratio (F:G) was calculated by the average of feed consumed per unit of body weight gain on 21 and 42 days. At 21 and 42 days, one bird per replicate was randomly selected and weighed after feed deprivation for 12 h. All birds were killed by exsanguination and necropsied immediately. After decapitation, liver tissues were excised, frozen in liquid nitrogen at first, and then stored at −20°C for further analysis. After that, the bursa, thymus, and spleen organs were collected and weighed.
Growth Performance and Relative Weights of Immune Organs
Body weights were recorded for each replicate at 1, 21, and 42 days of age. Feed was withdrawn for 12 h, and water was provided for drinking before weighing at 21 and 42 days. Feed intake was recorded during the 42-day trial. The average daily gain (ADG), average daily feed intake (ADFI), and F/G ratio were calculated in broiler chickens. The relative immune organ weights like spleen, bursa, and thymus were calculated using the following formula: relative immune organ weight= immune organ weight (g)/BW (kg).
Preparation of Whole Liver Homogenate and Protein Assay
Approximately 0.3 g liver was used to prepare the whole liver homogenate (WLH). The liver pieces were diluted 1:9 (wt/vol) with 60 mM potassium phosphate buffer, pH 7.4, and homogenized using an Ultra-Turrax homogenizer (Tekmar Co., Cincinnati, OH). Protein concentrations of the WLH were determined by using a kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, P.R. China).
Biochemical Assay Determination of Liver
The enzyme activities of glutathione peroxidase (GSH-Px), catalase (CAT), total superoxide dismutase (T-SOD), total antioxidant capacity (T-AOC), inducible nitric oxide synthase (iNOS), total nitric oxide synthase (TNOS), and nitric oxide (NO) content of the liver homogenate were determined using corresponding diagnostic kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, P. R. China ) according to the instructions of the manufacturer. The activities of NOS, T-SOD, GSH-Px, CAT, and T-AOC were expressed as unit per milligram of protein of liver; the content of NO was expressed as micromole per gram of protein of liver.
Malondialdehyde Content of Liver
Malondialdehyde (MDA) content of the liver homogenate was determined by using a kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, P.R. China) according to the instructions of the manufacturer. The MDA concentrations were expressed as nanomoles per milligram of protein of liver tissue.
Statistical Analysis
All data was analyzed by one-way ANOVA with the post hoc Duncan multiple comparison tests using SPSS statistical software (ver.16.0 for windows, SPSS Inc., Chicago, IL). The means and total standard errors were presented. Significance (P value) was evaluated at the 0.05 level.
Results
Growth Performance and Relative Weights of Organs of Broilers
The data of effects of natural clinoptilolite and modified clinoptilolite on growth performance of broilers chickens is Table 3 . There was no significant difference (P >0.05) found on ADG, ADFI, and G:F in chickens either supplemented with NCLI or MCLI or without supplementation of natural clinoptilolite during the whole growth period of 42 days of age. It showed that there was no toxic effect of supplementation of NCLI and MCLI in broiler chickens.
The results of effects of clinoptilolite and modified clinoptilolite on the relative weights of immune organs spleen, thymus, and bursa of Fabricius on broilers are given in Table 4 . The results of our present study showed that the relative weights of immune organs were not influenced by dietary supplementation of NCLI and MCLI when we compared them with control (CON) group at 21 and 42 days of age in broiler chickens.
The data of liver iNOS, TNOS, NO, antioxidant capacity, and lipid peroxidation in broiler chickens are shown in Table 5 and 6. There were no significant difference (P> 0.05) found in i NOS enzyme activity and NO concentrations of liver supplemented with NCLI and MCLI at 21 and 42 days age of broiler chickens. The liver TNOS enzyme activity was significantly decreased in the MCLI group (23.43 %) than CON group at 21 days (P <0.05). There was no significant difference (P> 0.05) found in liver TNOS concentration between CON and NCLI groups at 42 days. It showed that both the NCLI and MCLI supplementation in poultry diets had no injurious effects on chicken health especially the liver and can be used in poultry diets.
The enzyme activity of GSH-Px in liver was significantly increased (P <0.05) in NCLI (3.45 %) and MCLI (4.85 %) groups as compared to CON group in chickens at 21 days of age. The increased in the liver GSH-Px enzyme activity was 3.45 % in NCLI supplemented chickens, while in MCLI fed chickens, it was 4.85 %. Similarly, the liver CAT enzyme activity of broiler chickens was also significantly increased (P <0.05) after supplementation of NCLI and MCLI in poultry diets as compared with chickens in CON group at 21 days of age. The increased in liver CAT enzyme activity was 16.90 % in NCLI supplemented chickens, while it was 33.47 % in MCLI supplemented chickens. However, when we compared NCLI and MCLI treatments, the CAT activity of liver was significantly (P <0.05) increased in MCLI group than the NCLI group in chickens. The increased was 14.2 % in MCLI treatment as compared to NCLI supplemented chickens at 21 days of age. The NCLI and MCLI supplementations significantly increased (P <0.05) the T-SOD enzyme activity of liver in broiler chickens at 21 days of age. The increased was 2.5 % in NCLI supplemented chickens, while it was 3.56 % in MCLI supplemented chickens as compared to the CON group. We also found that the T-AOC of liver was significantly increased (P <0.05) in NCLI and MCLI supplemented chickens when we compared it with the CON group in broiler chickens. The increased in liver T-AOC was 7.09 % in NCLI and 7.87 % in MCLI supplemented chickens at 21 days of age. The results of our present study showed that the MDA concentration in liver was significantly (P <0.05) decreased in NCLI (6.80 %) and MCLI (9.71 %) groups as compared with the CON group in broilers. It showed that MCLI supplementation was more effective to increase the antioxidant capacity and reduced the production of MDA concentration in liver of broiler chickens as compared to NCLI and CON groups at 21 days of age. At 42 days of age, the liver GSH-Px enzyme activity was significantly increased (P <0.05) after supplementation of NCLI and MCLI in broiler chickens as compared to the CON group. The increased in the liver GSH-Px enzyme activity was 5.71 % in NCLI while it was 6.75 % in MCLI supplemented broilers chickens. The CAT enzyme activity of liver was significantly increased (P <0.05) in both NCLI and MCLI supplemented broiler chickens as compared to the CON group chickens. The increased in the liver CAT enzyme activity was 4.93 and 9.99 % in NCLI and MCLI supplemented broiler chickens, respectively. However, when we compared the liver CAT enzyme activity in MCLI group with NCLI group, we found that it was significantly increased (P <0.05) in MCLI group (4.81 %) than the NCLI group. The T-SOD enzyme activity of liver was significantly increased (P <0.05) in NCLI and MCLI supplemented chickens at 42 days of age. The increased in the liver T-SOD enzyme activity was 3.14 % in NCLI and 4.42 % in MCLI supplemented broiler chickens as compared with CON group. The T-AOC of liver was significantly increased (P <0.05) in NCLI (6.04 %) and MCLI (7.38 %) groups as compared to the CON group in broilers. The MDA concentration of liver was significantly decreased (P <0.05) in both NCLI (11.65 %) and MCLI (14.56 %) groups as compared to the CON group in broilers. The decrease in liver MDA concentration was more in MCLI supplemented chickens as compared to NCLI and CON broiler chickens at 42 days of age. It showed that MCLI supplementation in poultry diets was more beneficial as compared to NCLI supplementation for enhancing antioxidant capacity and reducing lipid peroxidation.
Discussion
Researchers are exploiting chemicals that act as antioxidants that are nontoxic and not detrimental for health. It has been reported that zeolites are promising additives in poultry and other animals. Clinoptilolites are the most abundant forms of zeolites. It has been reported that there are no toxic effects of clinoptilolite in layers and has influenced on egg production [21] . To our knowledge, this is the first study on the effects of dietary supplementation of the natural clinoptilolite and clinoptilolite modified by formic acid on the growth performance, antioxidant capacity, and lipid peroxidation in the liver of broiler chickens. In our present study, there was no influence of supplementation of both NCLI and MCLI on growth performance in broiler chickens at 42 days of age. The study of Oliver has shown that adding zeolite into layer diets increase feed intake in laying hens [22] , while the study of Roland et al. has concluded that there is no significant effect on feed intake in laying hens fed diets supplemented with zeolites [23] . However, Miles et al. has shown that adding zeolite into diets has adverse effect on feed intake [24] . Evans [25] has concluded that except in few experiments, there is slight improvement in growth performance as a result of zeolite supplementation in the diets. Most of the experiments show that there was no significant improvement in growth performance in different species of animals. There are very few experiments even show that the zeolite has adverse effects in animals. The exact reason is still unknown on how clinoptilolite will affect the palatability in animals. Further molecular studies are required to understand the exact mechanism. On the other hand, clinoptilolite has adverse affects on food intake. It might be due to imbalance of diets. Adding clinoptilolite up to 10 % in the diets leads to changes in dietary composition that eventually imbalance the energy, protein, and amino acid contents of the diets. The addition of zeolites also changes the calcium, aluminum, sodium, and other mineral contents which could affect mineral imbalance.
The bursa of Fabricius and thymus are two primary or central lymphoid organs of the immune system. These organs produce T cells and B cells and play vital role in cellular and humoral immunity [26] . The spleen, another main peripheral lymphoid organ of systemic immunity in birds, plays an important role in disease resistance [27] . The relative weights of these immune organs in broiler chickens were increased in both NCLI and MCLI groups than the CON group at 21 and 42 days, although there were no statistical significant differences between groups. Previous studies reported that the supplemental clays and zeolites did not significantly affect the relative weights of the spleen, liver, and bursa of Fabricius during 21 days of feeding period in broiler chickens [28, 29] . In contrast, Prvulovic suggested that the supplementation with 5 g/kg of hydrated aluminosilicate influenced organ weights. This might be associated with slower passage of ingesta through the digestive tract [30] . The differences in the results might be due to the types, usage, and levels of zeolites in broiler chickens.
Nitric oxide is known as an important radical and cellular signaling molecule that plays an important role in cellular processes and diverse physiological including neurotransmission, platelet inhibition, vasodilation, inflammation, and host defense [31] . During infection, inflammatory cytokines elaborated by the immune system can stimulate a lot of cell types such as primed host macrophages to synthesize huge quantities of NO by an enzyme which is known as iNOS [32] . Nitric oxide synthase could catalyze the production of NO. Both iNOS and NO concentrations were not influenced by NCLI and MCLI supplementation in broiler chickens, while the TNOS enzyme activity was decreased in the MCLI group than CON group at 21 days in this experiment which indicates that adding clinoptilolite may relieve oxidative status through decreasing the activity of TNOS enzyme. Šverko et al. suggested that the zeolites show the ability to bind NO, 4-hydroxy-noneal, and oxygen which may also have an antioxidative effect [33] . Pavelic et al. reported that adding 3 mg micronized zeolite into the diet of mice would strongly decrease the production of NO by macrophages [13] .
Free radicals can generate ROS in cells. It can contribute to cell and tissue damage in living body. The ability of a cell to keep functional homeostasis depends on the fast induction of protective antioxidant enzymes. The antioxidants may prevent these damages induced by oxidation of protein and lipid. The antioxidant enzymes include GSH-Px, SOD, and CAT. These are the three main antioxidant enzymes in the body, which remove unwanted •O 2 − , ROOH, hydrogen peroxide (H 2 O 2 ) and produced by free radicals. Superoxide dismutase catalyze superoxide radical dismutation; GSH concentration plays an important role in protecting cells against oxidative stress [34, 35] . Glutathione peroxidase decomposes H 2 O 2 [36] . GSH and SOD protect cells against toxic compounds and oxygen radicals [37] . Decreased activity of these enzymes will induce increased free radicals and then lead to damage of the corresponding tissue. Malondialdehyde is an ending product of lipid peroxidation, so the amounts of MDA could be used to assess the extent of lipid peroxidation [38] . The activities of liver GSH-Px, CAT, and T-SOD were increased in the broiler chickens fed with 2 % NCLI and MCLI. The liver CAT activity was higher in MCLI supplemented chickens than NCLI supplemented chickens at 21 days. Malondialdehyde concentration of the liver decreased in broiler chickens when supplemented with 2 % NCLI and MCLI in poultry diets. These findings suggested that the NCLI and MCLI supplementation in broilers is beneficial to protect tissues against lipid peroxidation. A previous study of Saribeyoglu reported that the diets supplemented with 5 mg/kg of clinoptilolite for 10 days lowered the MDA concentrations of plasma and liver tissues of rats. The liver GSH concentration and Cu-Zn SOD enzyme activity of rats were also higher in without supplemented clinoptilolite than clinoptilolite supplemented group. It is suggested that the adding of clinoptilolite may support antioxidant system [39] . Wang et al. found that the supplementation with zinc-bearing clinoptilolite increased SOD enzyme activity in ileal mucosa and decreased intestinal MDA concentrations, thus reducing the oxidative stress induced by Salmonella infection. These results are in agreement with our results [40] . Yarovan also found that plasma MDA concentration was lowered in dairy cows that have been supplemented with zeolite under oxidative stress induced by diseases [41] .
In conclusion, from our animal health point of view, the 2 % inclusion levels of both NCLI and MCLI in poultry diets in this study threatened neither the chicken's growth performance nor the relative weights of immune organs but their utilization could have beneficial impacts on antioxidant capacity which would lead to better health in broiler chickens. So, natural clinoptilolite and its modified product can be used as new antioxidant agents in poultry feed.
